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THE  EFFECT  OF  ABRASIVE  BLASTING  ON  THE  FATIGUE 
AND  CORROSION  OF  AN  ALUMINIUM-COPPER  ALLOY 

by 

C.  J.  £.  Smith 
M.  A.  H.  H twins 


SUMMARY 

Rotating  bending  fatigue  teste  have  established  that  glass  bead  and 
alumina  grit  blasting  have  only  a  slight  effect  on  the  fatigue  properties 
of  2014-T6  aluminium  alloy.  Exposure  to  salt  fog  for  8  hours  or  alternate 
immersion  in  3^Z  salt  solution  for  3  days  reduces  tho  fatigue  strength  from 
170  MPa  to  107  MPa  and  64  MPa  respectively  but  substantial  improvements  In 
fatigue  strength  may  ba  achiavad  by  abrasive  blast  cleaning  to  remove  the 
corrosion. 

Total  immersion  tests  made  in  3*rf  salt  solution  to  examine  the  effects 
of  abrasive  blasting  on  corrosion  have  demonstrated  that  the  corrosion  rate 
and  type  of  pitting  attack  on  2014-T6  aluminium  alloy  sheet  are  dependent 
on  the  abrasive  used  and  on  the  amount  of  corrosion  which  has  occurred 
prior  to  blast  cleaning. 
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1  INTRODUCTION 

Impact  blasting  techniques  such  as  shot  pestling  and  abrasive  blast  cleaning  are 
widely  used  in  the  aarospacs  industry  for  the  preparation  of  metal  surfaces.  In  shot 
peening  operations,  the  workpiece  is  blasted  with  a  high  velocity  stream  of  spherical  par¬ 
ticles  such  as  glaas  balls  or  steal  shot  in  order  to  induce  compressive  stresses  into  the 
surface.  The  process  is  mainly  used  to  improve  the  fatigue  strength  of  components  and  to 
give  improved  resistance  to  stress  corrosion  cracking.  Abrasive  blast  cleaning  is  usad  to 
remove  corrosion  products  or  scale  from  metal  components  or  to  roughan  tha  surface  in  pre¬ 
paration  for  bonding,  painting  or  metal  coating.  The  ebreeivea  which  are  employed  include 
alumina  grit,  angular  metallic  particles,  cruahad  slag  and  smooth  glass  beads. 

In  recent  years  abrssive  bleat  cleaning  with  cither  email  diameter  glass  beads  or 
fine  alumina  grit  has  bean  used  to  blend  out  corroaion  damage  on  aircraft.  One  area  where 
it  hee  proved  to  be  invaluable  baa  been  in  the  repair  of  corrosion  damage  which  sometimes 
oceura  adjacent  to  countersink  fasteners,  particularly  on  upper  wing  skina.  Prior  to  the 
introduction  of  abraaive  bleat  cleaning,  the  corroaion  wee  blended  out  by  hand  using  metal 
wool,  abraaive  pads  or  smell  abraaive  wheals  mounted  in  a  power  drill.  This  could  taka  up 
to  2  hours  for  a  single  feetamer  heed  but  by  uaing  abrasive  blasting  techniques  this  time 
hee  been  reduced  Co  a  few  minutes. 

When  abraaive  blest  elaening  methods  were  first  introduced  for  uee  on  military  air¬ 
craft  glass  beads  were  preferred  to  alumina  grit  because  they  readily  remove  brittle 
corroaion  products  but  remove  little  of  the  ductile  metal  substrata.  It  bacame  apparent, 
however,  that  although  the  aurfece  appeared  free  of  corrosion  after  blasting  the  peening 
action  of  the  glees  beads  could  deform  the  surface  layers  and  cause  small  pockets  of 
corrosion  In  pits  or  intsrgranuler  sitss  to  became  trapped.  There  was  concern  that  thesu 
pockets  of  buried  corroaion  might  act  as  atreaa  concentrators  which  could  accelerate 
fatigua  crack  initiation  or  allow  enhanced  corrosion  attack,  A  change  to  alumina  grit 
bleating  waa  thavefore  made  in  order  to  ensure  that  ell  the  corrosion  was  blended  out  evon 
though  this  would  lead  to  a  significant  amount  of  metal  removal. 

Tha  aim  of  tha  preaent  work  haa  been  to  quantify  the  affects  of  abrasive  blast 
cleaning  on  the  fatigue  and  corrosion  of  a  2Q14-T6  aluminium  alloy  which  is  usad  axtan- 
civaly  in  airframe  conatruction  in  the  UK. 

2  ,  EXPERIMENTAL  PROCEDURE 

2.1  Materials 

Hie  2014-T6  aluminium-copper  alloy  chosen  f or  thia  investigation  was  available  aa 
both  sheet  and  plate  material.  Seat  thick  plate  to  BS  L93  waa  uaed  for  tha  fatigua  evalua¬ 
tion  programme  and  1  mm  iheet  to  BS  L>  1 50  waa  smployed  for  the  corrosion  studies. 

2.2  Abraaive  blast  cleaning 

Abraaive  bleating  was  carried  out  uaing  a  Junior  VP  machine  which  is  manufactured  by 
Vacu  Blast  Ltd  and  is  similar  to  equipment  currently  in  service  with  the  Royal  Air  Forcu. 
The  blasting  praasurs  waa  maintained  et  350  kPa  and  the  distance  between  the  gun  nozzle 
and  the  workplace  at  about  40  an,  valuta  representative  of  thoso  usad  in  service.  Both 


4 


180-220  mesh  alumina  grit  and  75-150  pa  glass  baads  wars  usad  in  this  programme  and  blast¬ 
ing  was  carried  out  until  complete  coverage  was  achieved.  Test  coupons  used  in  the 
corrosion  evaluation  wars  hand  hold,  but  cylindrical  specimens,  used  to  study  the  effects 
of  sbresive  blest  cleaning  on  fatigue,  war*  mounted  in  a  taall  jig  which  allovad  then  to 
be  rotated  during  the  blasting  operation. 

2.3  radius  tasting 

fatigue  specimen  a  to  the  design  in  Tig  1  wars  machined  from  the  8tan  thick  L93  pitta 
with  the  specimen  axis  parallel  to  the  rolling  direction.  One  sat  of  spaciaans  was 
corroded  for  8  hours  in  3X  neutral  salt  fog  (S3  5466,  part  1)  and  a  second  sat  was 
corroded  for  3  days  by  alternate  {assertion  in  3|X  salt  solution  (ASTM  044),  A  selection 
of  the  aa-aachined  and  corroded  specimens  ware  abrasive  blast  cleaned  using  either  glass 
baads  or  alumina  grit  prior  to  fatigue  tasting. 

Fatigue  testa  ware  made  to  establish  the  affects  of  corrosion,  of  abrasive  blasting, 
and  of  corrosion  followed  by  abrasive  blasting  on  tha  fatigue  strength  of  193  alloy.'  All 
fatigue  testing  was  carried  out  on  a  rotating  banding  machine  operated  at  a  frequency  of 
100  *  5  Ha,  Taats  ware  continued  for  at  least  3  x  10^  cycles  unless  failure  occurred 
earlier. 

2.4  Corrosion  tests 

Weight  lost  experiments  wars  made  on  small  coupons  approximately  40  am  x  25  mm  cut 
from  the  1150  sheet  end  drilled  with  i  2  ■  diameter  hole  approximately  5  mm  from  tha 
esntra  of  one  of  tha  short  sidaa,  Coupons  ware  than  either  wat  abraded  on  grade  1000 
silicon  carbide  paper,  or  abrasive  bleated  with  glees  baads  or  alumina  grit./  After  wash¬ 
ing  with  acetone,  the  coupons  wars  dried  and  weighed  to  tha  nearest  0.1  mg.  Each  coupon 
was  suspended  by  a  glasa  S  hook  ao  that  it  was  completely  immersed  in  90  ml  of  3|Z  NaCl 
contained  in  a  polythene  beaker,  To  reduce  evaporation  losses,  the  beakers  were  placed 
in  a  water  bath  covered  by  a  transparent  hood.  Tha  temperature  of  the  water  bath  was  held 
at  25  i  0.5°C  throughout  tha  3  weak  test  period.  Coupons  wars  removed  after  various 
immersion  times,  washed  in  running  water  and  freed  from  corrosion  product  by  immersion  in 
s  gently  boiling  aqueous  solution  containing  7.5  g/1  chromium  trioxida  and  5  ml/1  phos¬ 
phoric  add  for  20  minutes.  After  rinsing  in  water  and  acetone,  tha  coupons  were  dried 
and  rswsighsd. 

A  second  series  of  iamarsion  tests  was  mads  on  material  which  had  been  corroded 
before  abrasive  blast  cleaning,  Sets  of  coupons  wera  prepared  by  wet  abrading  and  then 
immersing  in  3JX  salt  solution  for  either  1,  4,  7  or  12  days.  Tha  corrosion  on  ths 
coupons  was  then  removed  by  aithar  alumina  grit  or  glasa  bead  blasting.  After  weighing 
coupons  warn  in-Lmmerseti  in  3j"  salt  solution  for  various  tiiuuj,  clumunl  '  .  chrnmir- 
phoephotic  ncid  solution  and  rewsighad.  3nlcc,tsd  weight  loss  coupons  worn  examined  usiny, 
optical  metallography  to  determine  the  elan  and  distribution  of  pits  after  corrosion. 
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3  RESULTS  AND  DISCUSSION 

3,  t  Effect  of  abrasive  blot  cleaning  on  fatigue 

The  fatigue  data  obtained  for  material  in  the  as-machined  condition  are  presented 
in  Fig  2a  in  the  form  of  an  S-N  curve  (stress  versus  number  of  cycles).  The  curve  has 
been  used  as  the  baseline  against  which  the  effects  of  abrasive  blasting  and  corrosion  on 

fatigue  have  been  assessed. 

Fig  2b4c  shov  that  at  high  atrassaa  glass  baad  blasting  givas  sons  improvement  in 
fatigua  Ufa  but  at  Lower  atrassaa  tha  data  pointa  for  glaas  baad  and  alumina  grid  blasted 
specimens  fall  within  tha  scatter  band  of  tha  as-machined  material.  Estimates  of  the 
fatigue  strength  at  107  cycles  era  given  in  Table  1. 

The  raaulta  for  alumina  grit  blasted  material  era  in  heaping  with  those  reported  by 
Myllymski  and  McDonald1  for  a  7075-T6  aluminius  alloy  which  shewed  that  abrasive  bleating 
with  either  fine  alumina  grit  or  coarser  crushed  slag  grit  had  little  effect  on  fatigue 
strength. 

Vary  little  data  have  bean  published  on  the  affects  of  bleating  with  small  diameter 

glasa  beads  on  tha  fatigue  properties  of  aluminium  alloys.  S-N  data  obtained  by 
2 

Faulkner  demonstrated  that  glasa  baad  blasting  increased  tha  fatigua  strength  of  forged 
2Q14-T6  aluminium  alloy,  BS  US,  from  223  MPa  to  254  KFa  at  107  cycles.  Tha  glaas  beads 
used  vara  120  to  220  pm  in  diamater,  slightly  larger  than  those  employed  in  tha  present 
study  (75-150  urn)  but  considerably  smeller  then  the  onae  generally  used  for  shot  paaning 
purposes  (600-000  pm). 

• 

Tha  fatigua  properties  after  abrasivt  blasting  will  ba  influenced  by  tha  surfacs 
roughness  and  tha  residual  stresses  at  tha  surface  of  the  component.  Deep  notches  or 
pits  tend  to  shorten  the  fatigua  crack  initiation  stags  whilst  compressive  stresses  act 
to  prevent  tha  nucleation  of  fatigua  creak  and  to  axtend  the  fatigue  life.  In  tha  present 
work  optical  studies  of  sectioned  and  polished  fatigue  specimens  show  that  tha  surface 
aftar  glass  baad  blasting  is  free  of  notches  whilst  some  small  notches  ars  visible  on 
alumina  grit  blaatad  specimens,  the  largest  of  which  era  approximately  00  pm  deep. 
Myllymski  and  McDonald1  suggest  that  sny  deleterious  affect  of  notches  produced  by  grit 
blasting  esy  under  some  circumstances  be  offset  by  the  beneficial  effects  of  tha 
compressive  stresses  introducsd  by  the  blasting  operation.  It  seams  unlikely  that,  in  thw 

present  tests,  residual  compressive  stresses  will  play  a  significant  rola  in  inhibiting  tha 

3 

nucleation  of  fatigue  creeks  aftar  alumina  grit  blasting)  data  presented  by  Birlay  at  at 
indicate  that  when  tha  alumina  particles  are  65-05  pm  diamater  (equivalent  to  the  1S0-220 
mesh  site  used  in  this  invsatigation)  the  compressive  surface  stress  is  only  17  mPa  and 
tha  depth  of  the  compressive  layer  is  leas  than  100  pm.  It  in  concluded  that  the  small 
notches  peasant  after  alumina  grit  blasting,  probably  shallower  than  tha  compressive 
layer,  are  unlikely  to  give  rise  to  early  fatigua  crack  initiation. 

The  situation  may  be  rather  different  after  glass  bead  blasting  where  high 
compressive  stresses  may  bt  present  at  the  surface.  Measurements  made  by  Birley  on  an 
aluminiuersinc-magnesium  alloy  have  shown  that  abrasive  blasting  with  small  glass  beads 
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gives  a  surface  compressive  stress  of  250  MPa.  This  is  similar  to  the  residual  stresses 

measured  by  K Shier"  and  of  the  sane  magnitude  as  Che  stresses  resulting  from  peening  with 

6  7  8 

coarse  steal  shot  reported  by  Hawkes  ,  Gaillard  at  at  and  Was  at  at  .  However  the  depth 

g 

of  the  compressive  layer,  which  according  to  Was  at  al  must  be  large  to  obtain  maximum 
improvament  in  fatigue  life,  is  dependent  on  the  diameter  of  the  glass  beads  used. 

4 

Birley  haa  shown  Chat  with  small  diamatar  beads,  similar  to  thoaa  used  here,  the  depth  of 
tha  compreasivn  layara  ia  probably  lass  than  50  pa  whilat  other  studiaa  have 
established  that  peening  operation*  using  600  pa  diamatar  shot  can  product  «  compressive 
layer  greater  than  400  pm  deep.  Tha  ahallownasa  of  tha  cooprasaively  stressed  layer 
following  abrasive  blasting  with  small  diamatar  glaae  bands  suggests  that  tha  process  will 
give  only  minor  improvements  in  fatigua  life,  which  is  in  line  with  tha  fatigue  data  in 
Pig  2c . 

e 

3.2  Effect  of  corrosion  on  fatigua 

Tha  fatigue  curves  in  Pig  3a4b  demonstrate  tha  catastrophic  affects  which  prior 
corrosion  can  have  on  thu  fatigue  behaviour  of  L93  aluminium  alloy.  8  hours  exposure  to 
neutral  salt  fog  generates  sufficient  corrosion  to  reduce  tha  fatigua  strength  from 
170  MPa  to  107  MPa.  Smell  coupons  of  tha  alloy  given  tha  tame  corrosion  treatment  were 
found  to  have  an  average  weight  loss  of  70  pg/em  end  an  average  pitting  depth  of  20  pm. 
Material  which  had  been  more  severely  corroded  by  alternate  iasnaraion  in  3(X  salt  solution 

for  2  days  exhibited  a  further  reduction  in  fatigue  atrangth  as  indicated  in  Table  1 .  In 

4 

this  ease  Che  weight  loas  wea  1100  pg/cm  and  the  pitting  dapth  120  pm. 

Several  invaatigationa  hava  bean  made  into  the  effaces  of  corrosion  on  tha  fatigua 

Q 

of  aluminium  alloya.  Waaton  and  Wilson  for  axanpla  carried  out  tension-tension  fatigua 
taets  on  round  bar  specimens  machined  from  23  me  thick  7010-T7631  aluminium  alloy  and 
found  that  the  fatigua  atrangth  was  reduced  by  70  MPa  whan  specimens  wars  pf-a-aXposad  to 
S  hours  SI  salt  fog  (ASTM  Specification  B117).  In  a  study  of  the  aluminium  alloy  7075-T6, 
't  Hart  at  al'°  looked  at  tha  af facts  of  corrosion  on  the  fatigue  life  of  tenaion-tansion 
cylindrical  specimens  tested  under  constant  amplitude  loading.  Corrosion  was  induced  by 
alternate  immersion  in  3 (X  salt  solution  for  various  times  up  to  384  hours.  After 
48  hour*  exposure,  the  fatigue  life  was  reduced  from  1.9  *  1 06  cycles  to  2.1  *  103  cyc.u-3. 
't  Hart  at  at  observed  that  increasing  exposure  times  produced  further  decreases  in 
fatigua  life  but  tha  drop  was  not  proportional  to  tha  corrosion  elms.  The  fatigue  life 
wea  found  to  be  vary  dependent  on  the  depth  and  density  of  pits,  and  metallography 
revealed  that  fatigue  cracks  nucleated  at  corrosion  pits.  Parson* 1  has  shown  that  for  a 
number  of  aluminium  alloya  including  unclad  2014-Tt  sheet  that  the  firat  80  pm  of  pitting 
accounted  tor  most  of  tha  loss  in  fatigue  atrangth,  deeper  pitting  led  to  further  small 
reductions  in  fatigua  strength. 

The  fatigue  results,  which  have  been  obtained,  follow  the  general  trend  which  has 
been  identified  in  the  various  studies  described  above.  Small  pits  can  drastically  reduce 
the  fatigua  Ufa  and  fatigua  atrangth.  An  tha  pit  size  ia  incraaaed  further  reductions  in 
fatigue  proportiei  may  occur  but  these  will  not  nacsssarily  bo  proportional  to  tha  depth 
of  attack.  At  stresses  near  the  fatigue  strength,  the  initiation  stage  accounts  for  most 
of  the  fatigue  Ilfs  with  tha  crack  propagation  stage  probably  occupying  lass  than  207.. 
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If  defects  such  as  corrosion  pits  ere  present  at  the  surface,  they  will  act  as  stress 
raisers  and  assist  in  the  initiation  of  fatigue  cracks.  When  the  pit  depth  it 
sufficiently  large,  the  initiation  stage  will  be  almost  eliminated  and  the  fatigue  life 
will  be  a  fraction  of  the  unpitted  material.  Further  increases  in  tha  depth  of  pitting 
will  therefore  only  yield  relatively  small  reductions  in  fatigue  life. 

3.3  Recovery  of  fatiaue  properties  by  abrasive  blast  cleaning 

Fatigue  data  for  corroded  specimens  which  were  cleaned  using  either  alumina  grit 
blasting  or  glass  bead  blasting  ara  reproduced  in  Fig  4  end  show  that  substantial  improve¬ 
ments  in  fatigue  l^fe  can  be  achieved.  Valuta  of  the  fatigue  strength  ara  included  in 
Table  1. 

The  percentage  recovery  in  fatigue  strength,  R  ,  nay  ba  calculated  from  tha  data  in 
Table  1  using  tha  following  expression, 

"  °C 

X  -  -A.r-£  X  100  (1) 

°M  aC 

where  o^  it  tha  fatigue  strength  of  tha  ai-aachined  material,  is  tha  fatigue 

•crength  after  a  corrosion  treatment,  and  is  tha  fatigue  strength  after  tha  corrosion 
product*  have  bean  removed  by  ebraaive  blase  cleaning. 

A  value  of  K  «  OX  indicate!  that  there  has  bean  no  improvement  in  fatigue  etrer »th 
whilst  R  “  100X  implies  that  tha  fatigue  strength  of  tha  as-machined  material  has  been 
cceipletely  recovered. 

Tike  values  of  R  calculated  ueing  equation  (O  ara  listed  in  Table  2.  For  material 
which  wan  exposed  to  S  houra  salt  fog  before  testing  e  slightly  grsater  percentage 
recovery  in  fatigue  strength  can  be  achieved  by  cleaning  with  glass  bead*  (842)  rather 
then  alumina  grit  (682).  Even  with  heavily  pitted  material,  a  332  recovery  in  fatigue 
strength  is  possible  using  glees  bead  blasting. 

The  results  discussed  earlier  euggest  that  any  compressive  stresses  introduced  into 
the  surface  as  a  result  of  alumina  grit  blasting  will  do  little  to  inhibit  the  initiation 
of  fatigue  crack*.  Instead  the  main  action  of  the  cleaning  process  is  to  blend  out  the 
corrosion  pita  to  leavs  a  shallow  depression.  Whan  glass  bead  blasting  is  usad,  the  ratu 
of  metal  removal  is  much  lower  and  th*  paening  action  of  tha  beads  will  plastically  daform 
and  smooth  out  matsrial  at  tha  base  and  sides  of  the  pits  rendering  thorn  leas  efficient  as 
stress  raisers. 

3.4  Effect  of  abrasive  blasting  on  corrosion 

In  th*  firet  series  of  experiments  th*  affect  of  surface  finish  on  the  corrosion 
behaviour  of  LI 30  sheet  was  investigated.  Tha  weight  loss  data  plotted  ee  a  function  of 
the  imeernlon  time  in  Fig  3  show  that  tlio  rets  of  corrosion  Is  dependent  on  th*  typo  at 

surface  treatment  which  wee  eppliod.  After  21  days  Immersion  the  corrosion  rsta  was 

-2  -1  -2  -1 
estimated  to  be  5,6  mg  dm  day  following  wet  abrading,  4.2  mg  dm  day  after  alumina 

grit  blasting  and  2.0  mg  dm”^  day  '  for  sheet  which  had  boon  Impact  blustod  with  glass 

bunds.  An  ox  am  inetion  of  the  wnlght  Ions  coupons  using  optical  microscopy  revealnd  tlmt  a 


f *v  (airly  large  pica  (>1  nan  diameter)  develop  on  cha  aurfaca  of  the  samples  which  have 
bean  gla**  bead  blasted  whilst  on  the  wet  abradad  and  alumina  grit  blasted  specimen*  a 
large  number  of  smaller  pita  fora,  Thesa  differences  ar*  claarly  shown  by  the  histograms 
in  Fig  6  which  give  tha  distributions  of  pit  dienatars  for  the  three  aurfaca  conditions 
following  21  days  inner s ion. 

Tha  second  series  of  corrosion  experiments  undertaken  vara  designed  to  investigate 
the  effects  of  corrosion  prior  to  abrasive  blasting  on  tha  corrosion  bahaviour  of  LI 50 
sheat.  The  weight  loss  data  have  been  plotted  as  a  function  of  the  isneraion  time  in  3JX 
salt  solution  in  Figs  7  and  8. 

Fig  7  refers  to  coupons  which  ware  alumina  grit  blast  clssasd  and  shows  that  whsn 
tha  prior  corrosion  treatment  is  1  to  7  days,  thara  is  vary  littla  if  any  incraasa  in 
corrosion  ruta  compared  to  L150  grit  blasted  before  corrosion.  Extending  tha  prior 
corroeion  treatment  to  12  daya  give*  a  slight  incraasa  in  the  corrosion  rate,  but  tha  rata 
la  at^ill  lass  than  that  for  wet  abraded  material.  Tha  situation  is  rather  different  with 
glaaa  bead  blast  cleaned  samples.  Fig  B  shows  that  with  prior  corrosion  treatment  of  1  to 
7  days  chare  is  a  slight  incraasa  in  corrosion  rats,  compartd  to  L150  glass  bead  paanad 
bafora  corrosion,  but  with  a  12  day  prior  corrosion  trastmsnt  thara  is  a  large  increase  in 
corrosion  rata.  Tha  sequence  of  optical  micrographs  reproduced  in  Fig  9  indicates  that 
tha  pattern  of  corrosion  observed  in  tha  preliminary  axparimants  is  repeated  provided  tha 
prior  corrosion  treatment  dome  not  exceed  7  daya.  After  2B  days  immersion  tha  surfaces 
of  the  coupons  which  ware  glaaa  bead  blaat  cleaned  appear  to  ba  free  of  corrosion  apart 
from  a  few  large  pita  whilst  larga  areas  of  pitting  are  saan  on  the  alumina  grit  blasted 
samples.  Tha  hiatograaa  in  Fig  10  comparing  the  distribution  of  pit  diameters  after 
corrosion  emphasise  tha  differancae  between  tha  glass  bead  and  alumina  grit  blasted 
material. 

Tha  increase  in  corrosion  rata  observed  with  glaaa  bead  bleat  cleaned  material  which 
waa  given  a  prior  corroeion  treatment  of  12  days  ia  associated  with  a  change  in  tha  type 
of  corrosion  attach.  Tha  optical  micrographs  in  Fig  9  show  that  after  23  days  immersion 
in  3JX  salt  solution,  tha  surfacas  of  both  tha  alumina  grit  und  glass  bead  blasted  samples 
wara  covered  with  many  small  pits. 

In  tha  absence  of  a  detailed  electrochemical  study  only  a  tentative  explanation  of 
tha  affecta  of  abraaiva  bleating  on  tha  corvosiou  of  aluminium  can  ba  offernd,  .based  on 
currant  theories  of  pitting.  An  aseeiament  of  the  processes  lending  to  pit  nuclcation  in 
iron  and  aluminium  has  recently  been  made  by  Janik-Caachor  et  til  .  Tha  authors  have 
considered  the  growing  evidence  in  favour  of  thu  Involvement  of  flaws  or  week  spots,  which 
are  present  in  the  oxide  film,  in  tha  initiation  of  pits  mi  aluminium.  Tha  flown  arc 
thought  to  ho  annociutad  with  grain  boundary  triple  pointn,  pracipi tatuu  and  intermatall lc« 
In  tha  matnl  nubi  rate.  Wood  at  <:i  l '  ^  had  proposed  varllor  that  pi  tin  initiate  at  flaws 
and  propagate  by  metal  dissolution  into  tho  nubetrate,  thus  undermining  tha  oxide  film. 
Change*  in  tin>  surface  structure  wi  U  alter  the  number  mul  typo  of  flaws  which  form  In  the 
oxldu  film  mid  conauquenKly  afflict,  the  pitting  buluivlour. 

During  alumina  grit  blasting,  matal  in  removed  from  tha  aurfaca  and  the  lovul  of 
compress tvo  atroiiNus  Introduced  In  hiiuiII.  Tim  iiurfuua  will  ho  stmllui  in  ainiotnra  to  mi 
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•traded  surfacs  and  the  oxide  film  which  form*  will  contain  a  similar  density  of  flaws  to 
the  air  formed  oxide  film  on  an  abraded  surface.  When  glass  bead  blasting  is  undertaken, 
tha  hammering  action  of  the  beads  plastically  deforms  the  surface  metal  and  destroys  the 
grain  structure.  The  procese  tends  to  break  up  precipitates  and  intermotallics  in  the 
surface,  and  creetaa  a  thin  highly  atrasaad  homoganaoua  layer.  Fewer  flawe  will  be 
preaent  in  cha  oxide  film  ao  that  thera  will  be  a  amailar  numbar  of  sitaa  available  for 
pit  nucleation. 

Tha  growth  of  corroaion  pita  is  to  a  large  axtent  controlled  by  the  relative  areas 
of  the  cathodic  and  anodic  sites  on  the  aurfaea  of  tha  metal.  A  small  anode  area  coupled 
to  a  large  cathode  area  will  lead  to  vary  intanaa  localised  attack  and  this  is  the  situs- 
tion  which  probably  axiaes  aftsr  glass  bead  blaeting.  The  number  of  anodic  sites  or 
flaws  ia  small  but  tha  cbthode  arta  is  ralativaly  larga  so  that  a  few  large  pits  will 
form. 

The  ability  of  the  glaaa  bead  blasting  process  to  eliminate  the  effects  of  prior 
corrosion  on  subsequent  corrosion  bahaviour  will  clearly  depend  on  the  depth  of  the 
initial  pitting  attack.  Small  pits  say  ba  smoothed  out  by  the  blasting  operation  ao  that 
they  do  not  giva  rise  to  flaws  in  tha  oxide  film  which  forms  on  tha  surface,  but  this  will 
not  be  the  case  with  damper  pits.  It  la  suggested  that  uany  of  tha  pits  which  formed  on 
material  that  was  first  corroded  for  12  days  and  then  glass  bead  blast  claanad  were 
associated  with  pita  present  after  the  initial  corroaion  treatment. 

Tha  results  presented  in  this  section  show  that  the  type  of  ebveelve  bleat  cleaning 
procaaa  employed  can  strongly  influence  the  form  of  localised  attack  which  can  occur. 

More  research  is  required  before  e  detailed  account  of  the  aschaniams  involved  can  be 
given. 

4  COMCliUSIOm 

Concern  that  abraalve  blasting  with  glass  beads  could  lead  to  a  loaa  in  fatigua  life 
appeara  to  be  unwarranted.  Any  affects  which  glass  bead  blasting  or  alumina  grit  blaatir.g 
may  have  on  tha  fatigue  propertlea  of  193  plate  ere  negligible  in  com^eriaon  to  cha  effect 
of  corrosion.  Teats  have  shown  that  exposure  to  alternate  immersion  in  salt  solution  for 
3  days  is  sufficient  to  reduce  the  fatigue  strength  frea  170  to  64  MPa.  This  may  ba  com¬ 
pered  with  a  reduction  of  3  MPa  whan  specimens  are  alumina  grit  blasted  before  casting  ami 
a  alight  increaae  in  fatigua  atrength  of  3  MPa  when  glass  bsad  blasting  is  employed. 
Fatigue  testa  have  further  demonstrated  that  a  high  percentage  of  the  fatigue  strength 
lost  as  e  result  of  corrosion  may  be  recovered  by  removing  Che  corroaion  with  abrasive 
bleat  cleaning,  Even  with  severely  corroded  material,  significant  improvements  in  fatigue 
atrength  can  be  obtained  by  cleaning  the  surface  with  glass  beads.  Tht  beneficial  affects 
dsrivad  from  abrasiva  blaat  claaning  are  thought  to  cries  from  a  binding  out  of  acres® 
concentrators  such  as  corrosion  pits.  Comprusaive  strassci  introduced  by  glnsn  bead 
blasting  arm  believed  to  play  a  relatively  minor  role  in  Inhibiting  the  initiation  of 
fatigua  cracks. 

Total  immersion  tests  reveal  that  the  corrosion  of  L 1 50  aluminium  alloy  shoot  is 
dependant  on  tha  surface  preparation.  Glass  bead  bleating  rsducos  tha  corronion  rate  to 
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approximately  a  third  of  that  of  the  wet  abraded  material  and  restricts  the  corrosion  to 
the  formation  of  a  few  large  pita.  Alumina  grit  blasting  also  reduces  the  corrosion  rate, 
but  attack  is  similar  to  wet  abraded  material,  the  surface  being  covered  with  many  small 
pite.  Teits  on  corroded  material  which  waa  abraeive  blast  cleaned  and  then  recorroded 
have  shown  that  providad  tha  precorrosion  treatment  vaa  not  longer  than  7  days  in  3i%  salt 
solution  the  pattern  of  corrosion  is  repeated,  Increaaing  the  initial  corrosion  treatment 
to  12  days  in  3)2  salt  solution  changes  tha  natura  of  tha  attack  on  glass  bead  blasted 
samples  from  a  few  large  pita  to  widespread  pitting  over  tha  whole  surface  of  the  test 
coupon. 

Tha  natura  of  tha  pitting  attack  aftar  glass  bead  blasting  is  disturbing.  In  many 
instancai  tha  presence  of  a  single  large  pit  in  tha  surface  of  a  component  can  be  more 
damaging  than  whan  tha  surface  is  covered  with  many  ahallow  pita.  The  decision  to  adopt 
alumina  grit  bleating  in  soma  cases,  in  prafaranca  to  glass  bead  blasting  for  tha  removal 
of  corrosion  damage  on  military  aircraft,  appears  to  have  soma  justification. 
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Tabl«  1 

FATIGUE  STRENGTH-  (MPa)  AT  107  CYCLES 


Prior  corroaion 

■ 

None 

8  houri  aalt 
fog 

3  days  alternate 
immersion 

Aa  machined 

170 

107 

64 

Alumina  grit  blaatad 

1 65 

■ISO 

- 

Glass  baad  blaatad 

17b 

160 

120 

Table  2 

PER  CENT  RECOVERY  IN  FATIGUE  STRENGTH 


Prior  corroaion 

Abrasiva  blasting 

X  recovery 

8  hours  salt  fog 

Aluaina  grit 

687. 

8  hours  aalt  fog 

Glass  beads' 

84Z 

3  days  AI 

Glass  beads 

53Z 
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